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LT -Abstract

(54) Title: INTERNAL TWO PHOTON EXCITATION DEVICE FOR DELIVERY OF PDT TO DIFFUSE ABNORMAL CELLS

A plurality of light sources that emit light having a long wavelength are energized for an extended period of time to increase the
likelihood of two photon absorption by cells that have preferentially absorbed a photoreactive agent such as psoralen. The cells are preferably
microscopic metastatic cancer cells that are diffusely distributed throughout a treatment site, for example, within an organ. The plurality
of light sources are arranged in a spaced~apart array, mounted on a support plate that includes a plurality of conductive traces. A plurality
of such arrays are preferably mounted to a flexible sheet that can conform to an outer surface of an organ being treated. Because the light
emitted by the light sources is in the infrared or near infrared waveband, it penetrates deeply into the tissue at the treatiment site. The
duration of the treatment and the number of light sources employed for administering the therapy increases the likelihood of two photon
absorption by the metastatic cancer cells, which has been shown to activate the photoreactive agent to destroy cancer cells in a tumor, even
though the characteristic light absorption waveband of the photoreactive agent is in the ultraviolet waveband.
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INTERNAL TWO PHOTON EXCITATION DEVICE FOR DELIVERY OF
PDT TO DIFFUSE ABNORMAL CELLS
Field of the Invention
The present invention generally relates to an apparatus and method for
delivering long wavelength light to administer photodynamic therapy (PDT), and
more specifically, applies to administering long wavelength light from an

Aintemally implanted array of light sources to destroy diffuse abnormal cells in an

organ by causing a photodynamic reaction in a photoreactive agent that has been
infused into the organ.
Background of the Invention
Most techniques used to treat cancer (other than chemotherapy) are

_directed against a defined tumor site in an organ, such as a brain tumor, or a tumor

in the breast. When the mass of abnormal cells is consolidated and sufficiently
large, either surgical removal, destruction of the tumor mass using either heat or
cold, or radiation therapy becomes possible because the target is readily
identifiable and localizable. However, it is not uncommon for a cancer that has
initially occurred at a primary site to metastasize and spread into adjacent organs
as diffuse clusters of abnormal cells. These small clusters of cells, which are more
properly referred to as microscopic diffuse metastatic deposits, are not localizable
and are virtually imposéible to treat other than by chemotherapy. However,
because of the diverse nature of cancer cells, only a portion of the metastatic
abnormal cells will likely be susceptible to chemotherapy, leaving abnormal cells
that are resistant to the therapy to multiply until the patient dies from the
concomitant effects of the malignant cells.

This problem can arise, for example, when colorectal cancer occurs in a
patient. Although the treatment applied to a cancerous tumor in the colon may be
effective to destroy the tumor at that primary site, metastatic cancer cells often
spread from this primary site into the liver (and into other organs of the body).

PCT/US98/07726
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Jltimately, because none of the conventional techniques or treating cancer are
truly effective in destroying the microscopic metastasized cells, the patient will die
when the liver ceases functioning due to the spread of the abnormal cells. Clearly,
a new and more effective approach is required to destroy such microscopic diffuse
non-localizable metastatic deposits in an organ that cannot be fully destroyed by
any conventional treatment.’

Recently, a new method for treating breast cancer has been developed by
Eric Wachter et al. at Oak Ridge National Laboratory, and this method appears to
be useful for treating other types of cancer. The technique employs a Ti:sapphire
laser to administer PDT with light in the near infrared, i.e., relatively long,
wavelength light. In conventional PDT, a light-activatable photoreactive agent is
administered to a treatment site in or on a patient’s body and is preferentially
absorbed by abnormal cells at the site. When light from a laser or other source
having a waveband cormresponding to the absorption waveband of the
photoréactive agent is applied to the abnormal cells, the photoreactive agent
absorbs the light. The resulting photodynamic reaction then destroys the abnormal

. cells comprising the tumor.

The new technique developed by the Oak Ridge research group differs
from conventional PDT in several respects. In contrast to conventional PDT, the
near -infrared- light-—-produced -by-the -Ti:sapphire-laser—is--at—a- wavelength-—
substantially longer than the characteristic absorption waveband of the
photoreactive agent employed. Instead of the single photon absorption process
involved in a conventional photodynamic reaction, a two photon process occurs
when a pulse of the 700 - 1000 nm light is focused on the tumor being treated.
Due to its relatively long wavelength, the near infrared light emitted by a mode-
locked Ti:sapphire laser can penetrate into tissue up to 8 cm. or more, making it
possible to pinpoint tumors that are relatively deep within the patient’s body, well
below the dermal layer. The two photon process is able to activate a photoreactive
agent such as psoralen, which is normally activated during PDT by ultraviolet
light having a much shorter wavelength. Since light having a shorter wavelength
penetrates a shorter distance into tissue', the long wavelength light is preferabie. In
addition, the longer wavelength light causes less damage to tissue than the shorter
wavelength ultraviolet light normally used to activate psoralen.

In a paper entitled “Two-Photon Excitation of 4'-Hydroxymethyl-4,5',
8-Trimethylpsoralen,” by Dennis H. Oh et al., Photochemistry and Photobiology,
1997, 65(1): 91-95, the magnitude of the emission spectrum of this specific psoralen
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-when excited by two photon absorption is reported to depend quadratically on the
intensity of the laser excitation. Based on this article, it appears that to be effective in
causing an acceptable level of two photon absorption, a focused, high intensity light
source must be used. Thus, it appears that although the technique developed by the
Oak Ridge research group is useful in destroying cancer cells well below the surface of
the patient’s skin, a high power laser is required for producing the near infrared light
and the laser must be aimed at a pinpoint location in an organ where a tumnor is known
to exist. It would therefore appear that this technique is not applicable to destroying
diffuse, microscopic metastatic cells that have invaded an organ. -

A different approach therefore seems to be required to achieve long
wavelength, two photon excitation of an appropriate photoreactive agent to
destroy abnormal cells that are randomly dispersed throughout an organ. Instead
of using a high power light source, it will likely be possible to use a plurality of
lower power light sources and to administer the light therapy for a long period of
time. Preferably, if this PDT must be applied for an extended beriod of time, the
patient should remain mobile during the treatment. A Ti:sapphire laser source
élearly cannot be used for this purpose due to its expense, and the requirement that
the patient remain motionless during the treatment with such a laser.

. Summary of the Invention

administering a photodynamic therapy to a treatment site within a patient’s body
using light having an infrared or near infrared waveband. The light is intended to
destroy microscopic, diffuse metastatic cells at the treatment site that have
absorbed a photoreactive agent having a characteristic absorption waveband for
light that is substantially shorter than the near infrared waveband. The apparatus
includes a support plate on which are disposed a plurality of electrical conductors
that are adapted to couple to a source of an electrical current. A plurality of light
sources are mounted on the support plate in electrical contact with the plurality of
electrical conductors so that the plurality of light sources are energized by an
electrical current conveyed by the plurality of electrical conductors. The light
sources emit light having a long wavelength that is in the near infrared to infrared
waveband. Means are included for directing the light emitted by the plurality of
light sources so that the light emitted from one light source crosses the light
emitted by a different light source. Use of a plurality of light sources increase the
likelihood of two photons substantially simultar]eous]y being absorbed by the
photoreactive agent in a microscopic, diffuse metastatic cell at the treatment site.

T 'In“’a‘ccord’"with"‘th‘c"prcsent B 'invcntion,‘ ‘an apparatus 15 defined for T T
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-Absorption of two photons by the photoreactive agent results in a photodynamic
reaction that destroys the cell. )

The apparatus also preferably comprises a plurality of support plates. On

each support plate are mounted a plurality of light sources that are energized by

5  current conveyed by a plurality of conductive traces. A flexible sheet is provided

on which the plurality -of support plates are mounted. The flexible sheet is

positioned at the treatment site and flexibly conforms to a surface within the

patient’s body, so that the light emitted by the plurality of light sources is directed

into tissue at the treatment site. Further included are a plurality of flexible leads

10 that are coupled to the plurality of electrical conductors on the plurality of support

plates and are adapted to convey electrical current to the plurality of electrical

conductors. A biocompatible envelope encloses the flexible sheet and the

plurality of support plates mounted thereon. At least a portion of the envelope

that is adjacent to and overlies the plurality of vlight sources mounted on the

15  plurality of support plates is transparent. In a preferred form of the invention,

some of the plurality of light sources are activated at one time, and others are
activated at a different time, to minimize heating of tissue at the treatment site.

In one preferred form of the invention, the means for directing comprise a

plurality of lenses. Each of the plurality of light sources includes one of the

- 20— plurality of lenses; and the plurality of lenses focuslight-emitted by the plurality of —

light sources in desired directions. In an altemative embodiment, the means for
difecting comprise a plurality of mirrors. Each of the plurality of light sources
includes one of the plurality of mirrors, and the plurality of mirrors focus light
emitted by the plurality of light sources in desired directions.

25 The plurality of light sources are preferably arranged in a spaced-apart array
on one surface of the support plate. As a further alternative, the means for directing
the plurality of light sources comprise inclined mounting bases that orient the
plurality of light sources at different angles relative to the support plate. Preferably,
the plurality of light sources comprise either light érnitting diodes or laser diodes.

30 One of the advantages of the present invention is that it can be used to
destroy microscopic, diffuse metastatic cells within an organ disposed internally
within the patient’s body. The long wavelength light emitted by the plurality of
light sources penetrate deep within the internal organ reaching metastatic cells that
are shbstantially below a surface of the organ.

35 Another advantage is that the location of the support plate and light source
array on the organ surface obviates the need for breaching the organ parenchyma.
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-The superficial location greatly reduces the risk of bleeding and fistula formation,

which is inherent to an intraparynchymal device.

A further aspect of the present invention is directed to a method for
administering a photodynamic therapy to a treatment site within an internal organ
of a patient’s body using light in an infrared or near infrared waveband. The
photodynamic therapy destroys microscopic, diffuse metastatic cells in the internal
organ that have absorbed a photoreactive agent having a characteristic light
absorption waveband substantially shorter than the near infrared waveband. This
method thus includes -steps that are generally consistent with the functions
performed by the elements of the apparatus discussed above.

| Brief Description of the Drawing Figures
The foregoing aspects and many of the attendant advantages of this

" invention will become more readily appreciated as the same becomes better

understood by reference to the following detailed description, when taken in
conjunction with the accompanying drawings, wherein:

FIGURE 1 is:a top plan view of support plate on which are mounted a
plurality of light sources that emit light having a long wavelength, in accord with
the present invention; ' '

FIGURE 2 is a side elevational view of the support plate, showing a front

fow of the plurality of light sources emitting light along intersecting paths;

FIGURE 3 is a top plan view of a plurality of the support plates mounted
on a flexible sheet and enclosed within a biocompatible, transparent envelope;
FIGURE 4 is a side elevational view of the flexible sheet shown in
FIGURE 3; '

FIGURE 5 is a schematic view showing how the flexible sheet is used to
administer PDT to destroy metastatic cancer cells randomly dispersed within a
liver inside a patient’s body;

FIGURE 6 is a side elevational view of two light sources, illustrating a first -

embodiment that uses lenses for directing light emitted by the light sources; and
FIGURE 7 is a side elevational view of two light sources, illustrating a

“second embodiment that uses mirrors for directing light emitted by the light sources.

Description of the Preferred Embodiment
As noted above in the Backgfound of the Invention, the prior art teaches that
the efficacy of two photon absorption by a photodynamic agent to implement PDT
varies quadratically with the intensity of a laser source for the infrared waveband
light that has been used for this technique in the prior art. However, the present
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-invention takes a different approach to achieving two photon interaction that does
not use such a high intensity light source. Instead of using a single focused high
intensity laser light source, as in the prior art, the present invention uses a plurality
of light sources, generally as shown in FIGURE 1. These light sources are
preferably light emitting diodes (LEDs) or laser diodes configured as an array 10,
including light sources 18 around the periphery of the array, and light sources 20 in
the interior of the array. Light sources 18 and 20 emit light having a characteristic
long wavelength that is in the infrared waveband. It is also contemplated that light
sources can be selected, which emit light in the near infrared waveband. However,
longer wavelength light is pncfefable, since as noted in the above discussion of the
prior art Ti:sapphire laser, the longer wavelength light penetrates much more deeply
into tissue at a treatment site than short wavelength light. :

Array 10 includes a support plate 12 formed of a suitable electrically
insulating polymer, which is relatively rigid. Although FIGURE 1 shows a
support plate that is square, it will be understood that support plate 12 can be

_rectangular, or _rhay be non-quadrilateral in shape: A plurality of parallel
conductive traces 14 are applied to the upper surface of support plate 12 and are
interleaved with a corresponding plurality of conductive traces 16, forming pairs
of spaced-apart conductive traces 14 and 16 on which the plurality of light sources

light sources 20 only in the directions in which light emitted thereby is directed.

. Specifically, light sources 18 all direct the light they emit in various directions that

are slightly angled toward the interior of array 10. In contrast, light sources 20
direct the light emitted thereby in a plurality of different directions, all of which
are generally oriented away from support plate 12. By varying the angle at which
the light emitted by the light sources is directed, the likelihood that the light
emitted by one light source will intersect the light emitted by another light source
is increased, thereby increasing the probability of two photon absorption by a
photoreactive agent infused into the treatment site toward which the light is
directed. Further discussion of this point is set forth below.

The light sources in array 10 are energized by an electrical current applied
“to conductive traces 14 and 16 through leads 22 and 24. Leads 22 and 24 are
connected to conductive traces 14 and 16 by drops of solder 30. Alternatively,
drops of conductive adhesive can be used to attach leads 22 and 24 to the
conductive traces. Except where connected to the conductive traces, leads 22

-are mounted."In the preferred embodiment illustrated, light sources 18 differ from T
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-and 24 are enclosed by an electrically insulating polymeric layer 34 of the type
_commonly used for insulated electrical leads.

As illustrated in FIGURE 2, the long wavelength light emitted by light
sources 18 and 20 penetrates deeply within a treatment site 40. Prior to
administering long wavelength light to the treatment site, it is infused with an
appropriate photoreactive agent, such as psoralen. Other suitable photoreactive
agents having a characteristic absorption waveband that is much shorter than that
of the light emitted by light sources 18 and 20 can alternatively be used. A
plurality of microscopic, diffuse metastatic cancerous cells42 randomly
distributed throughout the tissue at treatment site 40 preferably absorb the
psoralen or other photoreactive agent that has been infused into the treatment site.
The long wavelength light emitted by light sources 18 and 20 penetrates deeply

“into the tissue of the treatment site so that photons comprising the light rays
interact with metastatic cancer cells 42, causing a two photon absorption to occur.

Although a photoreactive agent infused into the treatmnent site, such as psoralen,

has a characteristic light absorption waveband in the ultraviolet range, two photon

absorption of light in the infrared or near infrared waveband can nevertheless cause a
photodynamic reaction. Thus, when two photons of the long wavelength light impact a
metastatic cancer cell that has absorbed the photoreactive agent, the agent is activated by

absorption waveband of the agent (i.e., in the ultraviolet waveband) had been absorbed
by the material. The resulting photodynamic reaction destfoys the metastatic cancer cell.
Since these metastatic cancer cells are diffusely distributed throughout treatment site 40,
_ and because the light emitted by the light sources is not nearly as intense as that produced
by the Ti:sapphire laser of the prior art, the PDT therapy must be administered for
substantially longer time to have the expected therapeutic result. In other words,
although two photon absorption by the photoreactive agent occurs much less often than
would be the case if a much higher intensity laser light source were used, the longer
duration of the treatiment enables the same therapeutic resuit. Furthermore, since the
light rays emitted by the light sources on array 10 are not focused at a particular point,
but instead are directed at various angles throughout treatment site 40, two photons

* comprising different rays are more likely to intersect diffusely distributed metastatic

cancer cells 42 in a manner that is not possible with a focused high intensity laser light
source, like that disclosed in the prior art.

While array 10 of light sources 18 and 20 would be useful for administering two
photon absorption PDT to a relatively small treatment site, the spread of metastatic

—the-two-photons;-causing- the -same-therapeutic-result -as-if -light-in-the -characteristic-——————--—- ——
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-cancer cells more often occurs throughout an organ having a substantially larger size than
could readily be treated by array 10. To treat an organ such as a liver 66, as shown in
FIGURE 5, a probe 50 (shown in FIGURES 3 and 4) is provided that includes a plurality
of arrays 10 mounted on a flexible sheet 52. Flexible sheet 52 is fabricated from a
polymer selected for its flexible characteristics i.e., its ability to be folded over without
damage and undue resistance, and in the preferred embodiment shown in FIGURE 3, is
illustrated as having a genexally rectangular shape. Arrays 10 are attached to flexible
sheet 52 in spaced-apart relationship to each other and are electrically coupled in parallel
through leads 24 and 22, to conductive traces 54 and 56, which extend along one edge of
flexible sheet 52. Conductive traces 54 and 56 may comprise a conductive polymer or a
metallic trace deposited on flexible sheet 52 and having sufficient flexibility to bend with
flexible sheet 52 without damage. Because of its flexibility, the flexible sheet conforms
around the exterior surface of an organ or other treatment site, such as liver 66.
Furthermore, conductive traces 54 and 56 are connected through insulated leads 60
and 62 to a power supply 70, generally as shown in FIGURE 5.

To protect the plurality of arrays 10 comprising probe 50 from mechanical
damage and from exposure to body fluids, flexible sheet 52 and the plurality of
arrays 10 mounted thereon are encapsulated within a biocompatible envelope 58
that is optically transparent. Biocompatible envelope 58 is sealed around the

-—edges -of flexible -sheet 52 -and--around —~leads_ 60-and 62,-where -the- ~1eéds -pass-—

through the periphery of the envelope. Biocompatible envelope 58 is fabricated
from a polymer that is sufficiently flexible to bend without darr;age, and thus to
conform to the shape of a treatment site, such as liver 66.

The long wavelength light emitted by light sources 18 and 20 on each of
arrays 10, which is graphically indicated by a plurality of arrows in FIGURE 5,
covers a substantially' larger area of the organ to which the PDT is being
administered. However, it is likely that the total area covered by the arrays mounted
to flexible sheet 52 may be less than that of the organ or other treatment site to
which the PDT is being administered.. If so, probe 50 is moved to overlie a different
portion of the surface of the organ being treated, after the PDT has been
administered for a duration of time sufficient so that metastatic cells are destroyed in
the portion of the organ previously treated with probe 50. In this manner, the entire
organ can be treated with two photon absorption PDT to destroy the diffuse
metastatic cancer cells within the organ. '

Because of its flexible nature, probe 50 can readily be inserted
transcutaneously into a patient’s body while rolled up, e.g., by insertion through a
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-laparoscopic guide tube or using other conventional laparoscopic techniques, and
the rolled or folded flexible sheet can then be maneuvered into position for
administering long wavelength light to the treatment site. Once positioned
adjacent the treatment site, the rolled or folded flexible sheet is unrolled or
unfolded and spread over the surface of the organ or other treatment site to which
the long wavelength light will be administered. If necessary to move the probe,
conventional endoscopic techniques can again be applied to grasp the probe and
shift it to a different position at the treatment site.

Power supply 70 is also preferably implanted inside the patient’s body, at a
site spaced apart from the organ or other treatment site where the probe is
positioned. Although a battery will likely be included in power supply 70, the
battery is preferably charged in situ using an electromagnetic receiver coil (not
shown) disposed subdermally within the patient’s body. The electromagnetic
receiver coil is inductively coupled to an external e]ectromagﬁetic coil (also not
shown) that is energized by an alternating electrical current from an external
source. These components and details of power supply 70 are not shown in the
drawing figures, since they do not specifically relate to the present invention.

A key aspect of the present invention is its ability to direct the long
wavelength light emitted by the plurality of light sources along paths into the

tissue- sothat the-light- emitted by different- lightsources intersect, thereby ..~

increasing the likelihood of two photon absorption. In connection with this object,

" FIGURE 2 illustrates how light sources 20 are mounted on angled bases 26 at

different angles and include convex lenses 28 to insure that the light emitted by
each light source travels in a desired direction, generally with minimal spherical
dispersion. As also shown in FIGURE 2, the direction in which light emitted by
adjacent light sources is oriented is varied, to insure that the light emitted by one
light source intercepts the light emitted by a different light source. In this Figure,
the light emitted by light sources immediately behind those shown are indicated
by dashed arrows, while the light emitted by light sources visible in the
foreground of the Figure is indicated by solid arrows. It is also contemplated that
bases 26 can be oriented at varying angles relative to the support plate to provide
greater diversity and variation in the direction in which light emitted from the
plurality of light sources is directed into tissue at the treatment site. _
An alternative approach for directing light emitted by the light sources is
illustrated in FIGURE 6. In this embodiment, light sources 74 each include an
asymmetric convex (or wedge shaped) lens 76 that directs the light emitted by the
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- light source at an acute angle, relative to the central axis of the light source, so that
the light emitted by the light sources is directed in a plurality of different
directions, relative to support plate 12. Again, varying shapes for asymmetric
convex (or wedge shaped) lenses 76 can be employed to provide greater diversity
in the directions in which light emitted from each light source is directed.

In FIGURE 7, yet another altermative embodiment is illustrated for
directing the light emitted by each light source in different directions. A light
source 80 includes a light emitting diode or laser diode 84 mounted in a cavity,
above a convex mirror 86 that is angled to reflect light emitted from the solid state
source in a desired direction. By varying the relative orientation or position of
convex mirrors 86 within the cavity, it is thus possible to ensure that the light
emitted from each such light source is likely to cross the light emitted by a
dxfferent source within the tissue of the treatment site.

Since the plurality of light sources used in the present invention may heat the
tissue to an excessive temperature that might damage healthy tissue at the treatment
site, it is contemplated that it may be desirable to energize only a portion of the light
sources on probe 50 at one time, with another portion being subsequently energized.
For example, the light sources in every other array 10 mounted on flexible sheet 52 .
(as in a checkerboard pattern) can be selectively energized for an interval of time,

__e.g., ten minutes, and then de-energized while_the_previously de-energized light

sources in the other arrays 10 are then energized. The localized heating caused by
the light sources will then be minimized, since the tissue adjacent each an-ay 10 will
have an opportunity to cool between the times that the array of light sources is
energized. Further, the benefit of this technique will be to extend the intervals at
which the battery in power supply 70 needs to be recharged using the external
inductively coupled power source noted above.

Although the present invention has been described in connection with the
preferred form of practicing it, those of ordinary skill in the art will understand
that many modifications can be made thereto within the scope of the claims that
follow. Accordingly, it is not intended that the scope of the invention in any way
be limited by the above description, but instead be determined entirely by
reference to the claims that follow.
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- The invention in which an exclusive right is claimed is defined by the
following:

1. Apparatus for administering a photodynamic therapy to a treatment

site within a patient’s body using light having an infrared or near infrared
waveband for destroying microscopic, diffuse metastatic cells at the treatment site
that have absorbed a photoreactive agent having a characteristic absorption
waveband for light that is substantially shorter than the near infrared waveband,
comprising:
(a) a support plate on which are disposed a plurality of
electrical conductors that are adapted to couple to a source of an electrical current;
' (b) a plurality of light sources mounted on the support plate, in
-electrical contact with the plurality of electrical conductors so that the plurality of
light sources are energized by an electrical current conveyed by the plurality of
electrical conductors, said light sources emitting the light having a long
wavelength that is in the near infrared to infrared waveband; and
(c) means for directing the light emitted by the plufality of light
sources so that the light emitted from one light source crosses the light emitted by
a different light source, thereby increasing a likelihood of two photons

substantially simultaneously being absorbed by the phq;g;;ggt@xq agent in a o

microscopic, diffuse metastatic cell at the treatment site, to destroy said cell by a
photodynamic reaction.

2. The apparatus of Claim 1, further comprising:

(a) a plurality of support plates, each including a plurality of
light sources mounted thereon that are energizéd by current conveyed by a
plurality of conductive traces; and )

(b) a flexible sheet on which the piurality of support plates are
mounted, said flexible sheet being positioned at the treatment site and flexibly
conforming to a surface thereof so that the light emitted by the plurality of light
sources is directed into tissue at the treatment site.

3. The apparatus of Claim 2, further comprising a plurality of flexible
leads that are coupled to the plurality of electrical conductors on the plurality of
support plates and are adapted to convey electrical current to the plurality of
electrical conductors.

L3
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4. The apparatus of Claim 2, further comprising a biocompatible
envelope that encloses the flexible sheet and the plurality of support plates
mounted thereon, said envelope being transparent at least in a portion thereof that
is adjacent to and overlies the pfurality of light sources mounted on the plurality of
support plates. -

5. The apparatus of Claim 2, wherein a portion of the plurality of light
sources are activated at one time and a different portion at a different time, to
minimize heating of tissue at the treatment site.

6. “The apparatus of Claim 1, wherein the means for directing
comprise a plurality of lenses, each of the plurality of light sources including one
of the plurality of lenses, said plurality of lenses focusing light emitted by the
plurality of light sources in different directions.

7. The apparatus of Claim 1, wherein the means for directing
comprise a plurality of mirrors, each of the plurality of light sources including one

of the plurality of mirrors, said plurality of mirrors focusing light emitted by the -

plurality of light sources in different directions.

arranged in a spaced-apart array on one surface of the supportp]atc.

9, The apparatus of Claim 1, wherein the means for directing
comprise inclined mounting bases for the plurality of light sources that orient the
plurality of light sources at a plurality of different angles relative to the support
plate. '

10. The apparatus of Claim 1, wherein the plurality of light sources are

selected from one of light emitting diodes and laser diodes.

11. The apparatus of Claim 1, wherein the treatment site is an organ
disposed internally within the patient’s body.

-~ 8..... The apparatus of Claim-1, wherein the plurality of light sources are —— - — -
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12. A method for administering a photodynamic therapy to a treatment
site within an internal organ of a patient’s body using light having an infrared or
near infrared waveband, for destroying microscopic, diffuse metastatic cells in the
internal organ that have absorbed a photoreactive agent having a characteristic
light absorption waveband substantially shorter than the near infrared waveband,
comprising the steps of: ‘

(a) administering the photoreactive agent to the patient, said
photoréactive agent being selectively preferentially absorbed by the microscopic,
diffuse metastatic cells in the organ, at the treatment site; . ,

(b) positioning a plurality of light sources at the treatment site,
said plurality of light sources emitting light in the infrared or near infrared
waveband; '_

(c) directing the plurality of light sources toward an interior of
the organ, so that light emitted thereby travels along different crossing paths; and

o {d) energizing the plurality of light sources to emit the light in
the near infrared or infrared waveband, said light penetrating the organ to at least a
predetermined depth, causing two photon absorption by the microscopic, diffuse
metastatic cells in the organ, thereby destroying said cells.

-~ =-—--13+—--The method-of Claim 12,-wherein-the-step of directing-comprises -~

the step of mounting the plurality of light sources so that they are oriented in a
plurality of different directions.

1'4. The method of Claim 12, wherein the step of directing comprises
the step of providing the plurality of light sources with a plurality of lenses that
focus the light emitted from the plurality of light sources in different directions.

15. The method of Claim 12, wherein the step of directing comprises
the step of providing the plurality of light sources with a plurality of mirrors that
focus the light emitted from the plurality of light sources in different directions.

16. The method of Claim 12, wherein the plurality of light sources are
mounted on a plurality of support plates attached to a flexible sheet.
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17. The method of Claim 16, wherein the step of pdsitioning comprises

the step of conforming the flexible sheet around an outer surface of the internal

organ, with the plurality of light sources directed to emit light into an interior of
the internal organ.

18. The method of Claim 12, further comprising the step of encrgizing
the light sources with short duration pulses of an electrical current to increase the
intensity of the light emitted thereby, while maintaining a substantially lower
average electrical current.

19. The method of Claim 12, wherein the plurality of light sources are
selected from one of light emitting diodes and laser diodes.

20. The method of Claim 12, wherein the light sources are arranged on
a plurality of support plates in a spaced-apart array.

21. The method of Claim 12, wherein different portions of the plurality
- of light sources are sequentially energized to emit the light, thereby rcducmg the
-energy required and minimizing heatmg of the internal organ.

22.  The method of Claim 12, further _comprising the step of protecting____

the- plurélity of hght sources in a sealed biocompatible envelope that encloses the
“plurality of light sources, at least a portion of the envelope overlying the pluralxty
of light sources being substantially optically iransparent.

23. The method of Claim 12, wherein the plurality of light sources are
energized while the patient is ambulatory, said plurality of light sources being
energized over an extended period of time to destroy the microscopic, diffuse
metastatic cells.

24. The method of Claim 12, further comprising the step of repositioning
the plurality of light sources to administer light to a different portion of the internal
organ.
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